healing, have all contributed to the improved level of safety, efficacy and predictability. l-4 Predictability is the most important problem in RK. Most surgeons believe that the efficacy of RK is related to incision number, incision depth, corneal refractive power, optic zone (OZ) size, age, gender, intraocular pressure (lOP), tissue factors affecting wound healing, and some other unknown factors. 1 , 2 , 4 -7 However, there is no general agreement regarding these criteria in RK formulation.
Altitude, which is a new factor affecting RK results, should also be considered as a criterion for predictability of RK procedures. Five reports that have described hyperopic shifts in refractive error in patients who had RK after a short exposure to high altitude have involved very small numbers of subjects. 8 -12 We do not know at what altitude such hypoxic changes first occur, nor whether they are stable or continue to progress with more extended exposure at a given altitude. Previous studies have investigated the RK results of the patients who lived at sea level and then travelled to high altitudes. We recently reported the first study dealing with the RK results of patients who lived at high altitude and were adapted to decreased barometric pressure and oxygen concentration, compared with unmatched cases. 13 Since that time we have expanded our database. In this article we compare the refractive and keratometric results of matched pairs of patients who underwent RK at sea level or high altitude, and discuss the effects of altitude on RK.
Materials and methods
Two hundred and twenty-six eyes undergoing RK in two different clinical centres between May 1996 and September 1997 were analysed retrospectively. One centre was at sea level (Istanbul) and the other at an altitude of 1720 m (Van). The barometric pressm:e was 760 mmHg and oxygen pressure averaged 160 mmHg in Istanbul; the equivalent values in Van were 587 mmHg and 123 mmHg. Barometric pressure and oxygen pressure were thus 20% lower in Van than in Istanbul. The two centres had almost the same climatic conditions.
Fifteen eyes in the Istanbul group were matched with 15 in the Van group regarding gender, age, degree of myopia, number of incisions, and OZ size. One hundred and ninety-six eyes were excluded from the study. The exclusion criteria were: (1) any systemic illness, (2) taking any medication, (3) history of travel within 1 month before the operation and post-operative period, (4) any complications such as micro-and macro-perforation in the per-operative and post-operative period and (5) inability to match the eye with one in the other group. There were 6 women and 5 men in the Istanbul group, and 4 women and 6 men in the Van group; all patients were white and Turks. Each group had 15 eyes. All operations were performed with a diamond blade using a Russian technique by the same surgeon (O.F.Y.) in two different clinical centres.
All subjects were informed about the procedure in detail beforehand, the possible complications and expectations they should have.
Manifest and cycloplegic refraction (cycloplegic refractions were performed 20-30 min after instilling two drops of tropicamide 1% 5 min apart), keratometry (Javal-Schiotz Ophthalmometer, Haag-Streit), computed video keratography (Eyesys Photokeratoscope-16 Corneal analysis system V2.1), ultrasonic biometry, applanation tonometry (Goldmann applanation tonometer) and central-peripheral corneal pachymetry (BVI pachymeter echograph model: pocket BV International) were determined in all subjects. Determination of OZ size and incision number were based on many factors such as the degree of desired correction, age, gender, refraction and keratometric values, and the prior experience of the surgeon. Because some revisions were made to the nomograms used according to the experience of the surgeon, we can not give the unique nomogram used in the study. However, as shown in Table 1 and explained in the paragraph below, the same nomograms were used by the same surgeon for both eyes of a matched pair. Data for all cases are given in Table 1 . Surgery was performed under topical anaesthesia with a coaxial operating microscope. The patient's fellow eye was covered and the patient told simply to 'look at the dot in the centre of the microscope lens' with the uncovered eye. A double-pronged fixation forceps was used because of the difficulty for patients to fixate on the microscope light. The optical centre marker was then pressed on the cornea in the centre of the pupil. A marker with ridges imprinted the location of the incisions in the epithelium as it was depressed on the cornea. A Russian diamond blade was extended to 100% of the thinnest 3 mm paracentral corneal measurement using a calibrating scale under the operating microscope. the blade into the stroma and extended in centripetal fashion no closer than 1 mm from the corneoscleral limbus. The surgeon made 10 or 12 radial incisions from the limbus to the OZ. Blood and foreign material were irrigated from the wound using a fine blunt cannula and irrigating parallel to the corneal surface. Then the eye was instilled with 0.3% tobramycin sulphate and covered with a patch for 24 h. Post-operative medical therapy included a 5-day regimen of topical steroid (1% prednisolone acetate), prophylactic antibiotics (0.3% tobramycin sulphate) and artificial tears instilled four times a day, followed by 3 days of twice-daily instillation. When the spherical equivalent cycloplegic refraction (SEeR) was greater than +1.00 D within the first post-operative week, steroid was discontinued.
Russian-technique incisions were initiated by plunging
The surgeon examined the patients on the first post operative day, and then at 3 days, 10 days, 1 month, 3 months and 6 months after the operation. We evaluated the last visit values of the patients. All examinations were performed between 0900 and 1200 hours to avoid the effects of diurnal changes on refraction and lOP. All refractive results are listed using the spherical eqUivalent. The mean post-operative follow-up time was 5.02 ± 0.14 and 4.21 ± 0.25 months in the Istanbul and Van groups, respectively.
Comparisons were made using a paired-samples Student's t-test and the Wilcoxon signed ranks test (p < 0.05 significant). (Fig. 2) . The mean post-operative SEeRs for the Istanbul and Van groups were -1.93 ± 1.03 and -0.28 ± 0.57 D, respectively. There was a significant difference between the mean post-operative SEeRs (p < 0.001) in the two groups (Fig. 1) .
The mean post-operative keratometric values were 39.66 ± 2.42 and 37.58 ± 2.10 D in the Istanbul and Van groups, respectively. The difference between the mean post-operative keratometric values was statistically significant (p = 0.018) (Fig. 2) .
The mean refractive and keratometric changes implied the difference between pre-operative and post operative values. Thus the mean changes in SEeR were 4.40 ± 0.92 D (69.5% decrease relative to the pre operative mean SEeR) and 6.03 ± 1.13 D (95.4% decrease relative to the pre-operative mean SEeR), and in keratometry 4.80 ± 1.88 (10.8% decrease relative to the pre-operative mean K value) and 4.98 ± 1.23 D (11.7% decrease relative to the pre-operative mean K value) in the Istanbul and Van groups, respectively. There was a 1.63 ± 1.06 D difference between the mean refractive changes of the two groups. The amounts of correction per 1 D myopia were 0.69 D and 0.95 D after RK surgery in the Istanbul and Van groups, respectively. The difference between the mean refraction changes in the two groups was statistically significant (p < 0.001), whereas the difference between the mean keratometry changes was insignificant (p = 0.75) (Fig. 3) .
Both the Istanbul and Van groups were divided into two subgroups according to the pre-operative SEeR: from -4.50 to -6.00 D (IA (5 eyes) and VA (7 eyes) groups) and -6.00 D and over (IB (10 eyes) and VB (8 eyes) groups). Pre-operative SEeR and the mean change were -4. Pre-operative and post-operative mean lOPs of the Van group were 14.45 ± 2.56 mmHg and 13.75 ± 1.71 mmHg, respectively. The difference between the mean pre-operative and post-operative lOPs was -0.43 ± 1.78 mmHg, which was statistically insignificant (p = 0.075). Pre-operative and post-operative mean lOPs of the Istanbul group were 15.78 ± 3.02 mmHg and 15.23 ± 2.35 mmHg, respectively. The difference between the mean pre-operative and post operative lOPs was -0.52 ± 1.73 mmHg, which was statistically insignificant (p = 0.25). There was no statistically significant difference between the mean change in the lOP values of the Van and Istanbul groups (p = 0.89).
Discussion
Although many reports have described the post operative stability of RK, no comprehensive, matched cases and long-term study has documented post operative refractive changes with respect to altitude. Previous studies have involved only one measurement at each altitude, mainly at sea level, on a relatively small number of subjects.
1O -12 We aimed to compare the results of matched subjects who had RK at either 1720 m or sea level, and thus to find out the effect of altitude on the RK results.
Hyperopic shift and corneal flattening with exposure to increasing altitude have been described in subjects who have had RK. 1O , 12 The magnitude of the hyperopic shift was progressive with increasing altitude, but whether the shift is progressive at the same altitude over time is unknown. B-12 Synder et al.B reported a 1.75 D hyperopic shift and 1.50 D corneal flattening in a subject who travelled from sea level to an altitude of 9000 feet (2770 m). They suggested that these changes might have been caused by the direct effect of decreased barometric pressure. White and Mader 9 documented a 1.00 D hyperopic shift and 1.00 D corneal flattening in both eyes of one subject who travelled from sea level to an altitude of 10 000 feet (3100 m). The refractions returned to normal when the patient moved back to sea level. The authors hypothesised that hyperopic shift resulted from a metabolic process caused by the effect of corneal hypoxia on the area of the RK incisions. lO They defined it as 'hypoxic corneal expansion'. We found a 1.63 ± 1.06 D difference in the mean refractive change between the sea level and 1720 m groups at the third post-operative month. These results obtained at 1720 m appear much higher than in previous studies. This may result from our using 3-3.2 mm OZ size and 10-12 incisions.
It is well documented that ocular oxygen tension decreases with increasing altitude, and a normal cornea exposed to zero oxygen concentration will swell approximately 7% per hOUr. 14 , 15 Small increases in corneal thickness occur in normal corneas during sleep and as a result of local hypoxia brought about by contact lens use. 12 Barometric pressure and oxygen pressure were 20% lower in Van than in Istanbul. We found statistically significant changes in pachymetry between the pre-operative and post-operative periods in the two groups. The increase in corneal thickness was more prominent in the Van group than the Istanbul group, but no statistically significant difference in the changes in pachymetry values between the two groups were observed between the pre-operative and post-operative periods.
Ng et aZ Y found a statistically significant difference in mean central pachymetry readings between control and RK eyes for measurements at 6 h and 8 h at a simulated altitude of 12 000 feet (3700 m) Y Mader et aZ Y found a statistically significant increase in central corneal pachymetry after RK at high altitude, and at the post altitude sea level examination the central corneal thickening had resolved. 12
In our study, no significant changes in lOP were observed between the pre-operative and post-operative periods in the two groups. Mader et aZ Y studied at sea level, 6000 feet (1850 m) and 14 100 feet (4350 m) the same patient who had undergone RK; no significant changes in lOP were observed at any altitude.
The cornea becomes more sensitive to lOP and barometric pressure alterations after RK because the greater the number of RK incisions, the greater the circumferential elasticity y , 16 , 17 It is possible that the weakened cornea in RK eyes exposed to decreased barometric pressure might bow forward with the effect on lOP. On the other hand, lOP remained unchanged during exposure to high altitude or a simulated altitude chamber y , 12 , 15 The decrease in barometric pressure at high altitude is a common physical rule. In this case, it is possible that the weakened cornea in RK eyes exposed to decreased barometric pressure is able to bow forward with the effect on lOP and then to undergo central corneal flattening. We believe that this mechanism was also effective at high altitude in our cases. Ultraviolet radiation intensity at high altitude is higher than at sea level. Also people who live at high altitude may exhibit some unknown metabolic alterations and changes in wound-healing responses. These factors may affect corneal wound healing and RK results at high altitude.
It is not known at what altitude the hyperopic shift starts. Nonetheless, our study showed the presence of a hyperopic shift, in other words a comparatively high refraction increase relative to sea level, at 1720 m. We do not know yet whether, after complete healing at high altitude, the newly shaped cornea will deteriorate and considerable regression will occur on a patient's return to sea level. However, refractive changes are seen in patients who underwent RK at sea level and simulated high altitude in the first post-operative year. l 1 This implies that, in patients who undergo RK at high altitude, some refractive changes may occur when they travel to sea level.
In our study the groups had a significant difference between pre-operative keratometry values. On the other hand, it has been reported previously that the pre operative keratometry value is not an important factor in RK predictability. 1 8 , 19 Differences in the keratometry values between the pre-operative and post-operative periods in the two groups were statistically significant. But keratometric changes were insignificant between the Istanbul and Van groups. In this study we focused on the refractive results because it has been shown that post-RK keratometry readings are not meaningful because of the aspherical f RK 1819 shape of the cornea a ter surgery.' We found that there was a significant difference between the Istanbul and Van groups (more than 50% of correction of Istanbul in Van group) in respect of the amount of myopia correction. The myopic correction ratio was 74% of pre-operative myopia in the IA subgroup while it was 67% in the IB subgroup. The equivalent ratios were 96% and 95% in the VA and VB subgroups, respectively. These results suggested that at sea level it was more difficult to achieve emmetropia in eyes with over -6.00 D myopia pre-operatively than with -6.00 D and under. For this reason, many authors have preferred not to carry out a RK procedure in eyes with over -6.00 D myopia pre-operatively. In contrast the same ratio of emmetropia was achieved in eyes with all degrees of myopia at high altitude.
Our results show that RK is more effective in patients who are natives of high altitude than in those who live at sea level, and this feature continues until the third post operative month. We can not interpret which mechanisms (hypoxia, barometric pressure, UV radiation, and other unknown factors) affect these results, because the aim of the study was only to determine the effect of altitude on RK results.
Although the number of our cases was not sufficient to determine definitive results, we believe that for the confirmation of these results more detailed and comprehensive studies with higher numbers of cases are needed. In conclusion, refractive surgeons may be obliged to redesign their nomograms with regard to oxygen and barometric pressure in the light of future studies with long-term follow-up.
